Gleason grading is now the most widely used grading system for prostatic carcinoma in the United States. However, there are only a few studies of the interobserver reproducibility of this system, and no extensive study of interobserver reproducibility among a large number of experienced urologic pathologists exists. 
Gleason grading is the most widely used grading system for prostatic carcinoma in the United States. 1 However, there have been relatively few large studies of interobserver reproducibility of Gleason grading (reviewed in ref 2). Further, there has never been an extensive study of interobserver reproducibility of Gleason grading among a large number of pathologists who specialize in urologic pathology. The current study assesses interobserver reproducibility of Gleason grading among 10 urologic pathologists.
MATERIALS AND METHODS
Two of the authors (W.C.A. and J.I.E.) collected, from several sources, 46 hematoxylin and eosin-stained glass slides of prostatic needle biopsies containing prostatic carcinoma. The amount of tumor on each slide ranged from microscopic foci to extensive. Examples of the spectrum of Gleason scores were included. No effort was made to make the cases particularly difficult.
The slides were distributed for Gleason grading to 9 additional urologic pathologists (M.B.A., D.G.B., P.A.H., E.C.J., V.E.R., W.S. I.A.S., P.T., and T.M.W.). Their scores were analyzed, along with the scores jointly assigned by W.C.A. and J.I.E., giving 10 sets of data from urologic pathologists.
In addition to the assigned Gleason scores, the scores were categorized into 4 groups (Gleason scores 2-4, 5-6, 7, and 8-10) for analysis. The interobserver agreement between the pathologists for all 46 cases was calculated using simple kappa () and weighted kappa (w) coefficients and an overall and w coefficient for each urologic pathologist, each being used as the reference standard. 3, 4 Simple kappa () is a measure of interobserver agreement. When the observed agreement exceeds chance agreement, is positive, with its magnitude reflecting the strength of the agreement. The w uses weights to quantify the relative difference between categories. Close disagreement (eg, Ϯ1 Gleason score) is not weighted as heavily as more serious disagreements. The overall coefficient combines all of the , in which a pathologist is considered the comparison pathologist against all the remaining pathologists, into an overall estimate of the value of . All analyses were performed using SAS/STAT Software (Release 6.12, 1998; SAS Institute, Inc, Cary, NC). Kappa 0.00 to 0.20 reflects slight agreement, 0.21 to 0.40 fair agreement, 0.41 to 0.60 moderate agreement, 0.61 to 0.80 substantial agreement, and 0.81 to 1.00 almost perfect agreement.
Seven or more urologic pathologists agreed on Gleason score group (2-4, 5-6, 7, and 8-10) in 38 of 46 cases. These were designated "consensus" cases. Kappa, w, and overall and w were not calculated for each urologic pathologist for the "consensus" cases because they would obviously be higher than those for the total 46 cases.
RESULTS
The overall w for interobserver agreement for exact scores 2-10 for each of the urologic pathologists, used as the reference standard for each of the others (Table 1 , pathologists not in alphabetical order), ranged from 0.56 to 0.70, with only one w (0.56) less than 0.60 (substantial agreement). For pathologists 1 and 10, at least one of the w combinations was significantly different from the others. w combinations for each of the remaining pathologists were not significantly different.
For Gleason score groups of the 46 cases for all possible pair combinations of urologic pathologists, each used as the reference standard (Table 2, One of the "consensus" cases was group 2-4, 12 were group 5-6, 9 group 7, the remaining 16 were group 8-10. Eleven (2.9%) of the responses for the 38 "consensus" cases were group 2-4. All possible pair combinations had, on average, perfect agreement on Gleason score in 24 of 46 (52%) cases and within Ϯ1 Gleason score on an additional 16 cases (87% cumulative agreement for exact score Ϯ 1), within Ϯ2 scores on an additional 5 cases, and within Ϯ3 scores on 1 case.
The greatest variability in primary pattern assignment among the urologic pathologists was seen for pattern 2 and pattern 5. Only 3 of 460 total responses were assigned primary pattern 1. Of the 46 total cases and the 38 "consensus" cases, 9.8% and 5.6% of responses, respectively, were primary pattern 2. Of the 32 "consensus" cases with "consensus" primary patterns, 3.8% of the urologic pathologist responses were pattern 2; none were pattern 1. For the "consensus" cases, 2.9% of urologic pathologist responses were group 2-4. The Gleason score distribution for the 8 "nonconsensus" cases is shown in Table 3 . There were 3 cases in which the disagreement was between groups 2-4 and 5-6 ( Overall, for the 38 "consensus" cases, 20 (5.3%) of the 380 total scores were overscores, placing the case into the next highest group, and only 1 was by more than 1 group. Eight of the overscores were by 1 pathologist. Thirty-three (8.7%) of 380 scores were underscores, placing the case into the next lowest group, but none were by more than 1 group. These 38 "consensus" cases are reviewed in a subsequent study in which they were graded by general pathologists. 2 
Representative Cases
The 8 "nonconsensus" cases are reviewed in Table  3 and Figures 1 through 8 .
Case A. Most of the pathologists placed this at the lower end of the grading spectrum (Fig 1) . The tumor was given a score of 4 by six pathologists, a score of 5 by 3, and a score of 6 by 1. Seven assigned a primary pattern of 2, and 3 assigned a primary pattern of 3.
Case B. Six pathologists assigned a primary pattern of 3 and 4 assigned a pattern of 2 for this tumor (Fig 2A and B) . It was placed in group 2-4 by 3 pathologists; 1 assigned a score of 3 and 2 assigned a score of 4. Six pathologists placed the lesion in the 5-6 group; 2 assigned a score of 5 and 4 assigned a score of 6. One assigned a score of 7.
Case C. All urologic pathologists recognized that the tumor was lower grade (Fig 3) . Eight pathologists assigned a primary pattern of 2 and 1 assigned a primary pattern of 1, only 1 assigning a primary pattern of 3. However, there was not a consensus between 2-4 and 5-6. This carcinoma was placed in group 2-4 by 4 urologic pathologists; 1 assigned score 2 and 3 assigned score 4. Six placed the lesion in group 5-6, all assigning a score of 5.
Case D. Nine of 10 pathologists assigned a primary pattern of 3, one assigning 4. Seven of 10 pathologists assigned a secondary pattern of 3 and 3 assigned a pattern of 4 (Fig 4) . The tumor was assigned a score of 6 by 6 pathologists and a score of 7 by the remaining 4.
Case E. Seven pathologists assigned a primary pattern of 3 and 3 assigned 4 (Fig 5) . Six assigned a secondary pattern of 3, 3 assigned a pattern of 4, and 1 assigned a pattern of 5. It was assigned a score of 6 by 4 pathologists. Five pathologists assigned a score of 7 and one assigned a score of 9.
Case F. All 10 pathologists assigned a primary pattern of 4. (Fig 6A and B) . Five pathologists assigned a score of 7, 2 assigned a score of 8, and 3 assigned a score of 9.
Case G. Eight pathologists assigned a primary pattern of 4, 1 assigned 3, and 1 assigned 5 (Fig 7A and B) . Five pathologists assigned a score of 7 and 5 placed the tumor in the 8-10 group, 3 assigned 8, and 2 assigned 9. Case H. Eight pathologists assigned a primary pattern of 4, 2 assigning 3 (Fig 8A-C) . Six pathologists assigned a secondary pattern of 3 and 4 assigned a secondary pattern of 5. Six assigned a score of 7, 2 assigned a score of 8, and 2 assigned a score of 9.
DISCUSSION
There is some variability in interobserver agreement among urologic pathologists, but the overall w for scores 2-10 are, with one exception (0.56), greater than 0.60 (substantial agreement). This is better agreement than most other studies in which w was calculated. Some studies had similar or better exact or Ϯ1 agreement, but these had only a pair of participating pathologists or a prestudy primer or agreement on criteria (reviewed in ref 2). Further, the overall interobserver agreement is greater than the mid-portion of the moderate range when scores are separated into 4 groups. This, too, is substantially better agreement than in previous reports (reviewed in ref 2).
The greatest variability in pattern responses occurred for patterns 2 and 5. The latter is less of a problem because identifying pattern 5 as pattern 4 usually does not result in the tumor being removed from the score group 8-10.
The "nonconsensus" cases are instructive. There is a particular problem with grading prostatic carcinoma at the lower end of the Gleason spectrum. Two of the "nonconsensus" cases (A and C) are similar and both were recognized to be at the lower end of Gleason grade, 7 and 8 pathologists, respectively, assigning a primary pattern of 2. Six placed one of the tumors (case A) in the 2-4 group and 6 placed the other (case C) in the 5-6 group, all assigning a score FIGURE 2. (A and B; Case B). Acini smaller and more crowded, and cytoplasm more amphophilic than Case A (A). Occasionally, acini more loosely arranged (B). Focus of more complex acini not shown. One pathologist assigned a score of 3, 2 assigned a score of 4, 2 assigned a score of 5, 4 assigned a score of 6, and 1 assigned a score of 7. of 5. Case B was an even greater problem, with scores ranging from 3 to 7. It is obvious that the criteria for low-grade tumors must be more clearly defined, as even experienced urologic pathologists do not show good interobserver agreement. Another critical issue related to this group of tumors is the demonstration of excessive placement of tumors in Gleason group 2-4 (undergrading) by general pathologists. 2 One of the senior authors (J.I.E.) has recently recommended that Gleason's 2-4 prostatic carcinoma should not be diagnosed by needle biopsy. 5 Although urologic pathologists recognize large cribriform sheets of tumor as pattern 4, 2 tumors composed of smaller circumscribed cribriform proliferations were another problem area (cases D and E). The issue in these cases is the lack of consensus in the diagnosis of cribriform Gleason pattern 3, possibly representing variability in interpretation of intraductal growth versus prostatic intraepithelial neoplasia, of invasive versus intraductal growth, and/or assessing degree of irregularity of some of the cribriform structures. [6] [7] [8] The remaining 3 "nonconsensus" cases (F-H), along with case B, present 2 additional problems in grading. First, these cases had a large amount of tumor in the needle biopsies, and there were multiple patterns. There may be some subjective difficulty in quantitatively assessing the most dominant and next-most dominant pattern. Parenthetically, in these instances, assigning a primary and secondary pattern grade allows for some modulation of discrepancies between 2 assigned patterns, as opposed to assigning a single overall grade to the tumor. Second, these tumors had areas lying at the border between patterns (between patterns 2 and 3 in cases A-C, and between patterns 3 and 4, as well as 4 and 5, in cases F-H). Pathologists are faced with such "borderline" cases ("Is this a 'bad' 3 or a 'good' 4?") in all grading systems on a daily basis. With regard to patterns 3 and 4, the major problem appeared to be defining the limits of tiny, poorly defined acinar structures. In addition, at times, it may be difficult to determine whether the loss of acinar spaces is caused by compression artifact or by real inability to form spaces. With regards to patterns 4 and 5, the limits and proportions of tiny, poorly defined acinar structures versus cords and nests of cells appeared to be a problem. Finally, there may have been difficulty in defining the significance of cytoplasmic vacuoles as compared to true, albeit tiny, lumena. In cases F through H, there was essentially an even split between score group 7 and group 8-10. This is important because placing the tumor in the former would more likely lead to treatment by radical prostatectomy, and the latter group would more likely lead to treatment by radiation therapy.
In summary, for this series of cases, urologic pathologists have variable, but overall acceptable, interobserver reproducibility of Gleason grading, including actual Gleason score as well as Gleason grade groups. The interobserver reproducibility for any se- ries of cases will depend on the number of problem cases studied. Problem cases include low-grade tumors, tumors with small circumscribed cribriform structures, and tumors borderline between classic Gleason patterns. The problem of low-grade tumors can be eliminated by following the recommendation discussed previously not to diagnose them by needle biopsy, at least until more precise criteria are defined that correlate with prognosis. 5 Cribriform tumors are the subject of a number of recent studies, and hopefully a clearer understanding of them will lead to more precise grading. [6] [7] [8] Finally, there are the tumors with "borderline" patterns, at times, with large amounts of tumor. It is not possible to determine the actual percentage of these tumors in day-to-day practice, but in our experience they are a minority. We , left) . In other areas, well-defined acini with rare cribriforming (A, right). Another area (B) with smaller nests and cords with only occasional, and at times no, lumena. Five pathologists assigned a score of 7, 3 assigned a score of 8, and 2 assigned a score of 9. , right and B) . In foci, small nests and cords with no lumena (C). Six pathologists assigned a score of 7, 2 assigned a score of 8, and 2 assigned a score of 9.
anticipate that these cases would give rise to similar problems in any grading system.
